Purpose The purpose of the study was to examine the characteristics of American young adults with increased risk for type 2 diabetes (T2D).
D iabetes is the leading cause of nontraumatic lower extremity amputation, adult blindness, and end-stage of renal failure. 1 Since all type 2 diabetes (T2D) patients go through a prediabetes phase, which can be reversed or delay the progression of T2D, this is an important period for raising awareness of diabetes risk in order to reduce the risk of future diabetes complications. 1, 2 A randomized clinical trial on Diabetes Prevention Program (DPP), which was conducted in 27 centers in the United States (n = 3234), showed that moderate weight loss (5%-7% decrease in body weight) through improving physical activity and dietary quality is effective in the delay or prevention of T2D progression in adults ages 25 years old or over with prediabetes. [3] [4] [5] There is significant public concern with the growing epidemic of early onset T2D in younger populations due to increased obesity prevalence, reduced physical activity, and poor nutrition behaviors. 6 Despite a consensus on the significance and urgent need for a diabetes prevention program for young adults, a diabetes prevention program is difficult to implement because there is limited information on how to identify and access young adults with prediabetes. [7] [8] [9] Currently, some researchers conduct communitybased diabetes screenings using a glucometer. 10, 11 However, a community-based diabetes screening is not recommended by the American Diabetes Association (ADA) for the following reasons. 7 Individuals who participate in community-based screenings usually do not take follow-up tests. Even those with positive screening results have poor adherence to treatment recommendations. Additionally, community-based screenings do not reach the people who need it the most. Those with a high risk for T2D often are unaware of their risk, uninsured/ underinsured condition, or have low health literacy that prevents them from participating in community-based screenings. Individuals who often participate in screenings are a low-risk group with high health concerns. 7, 8, 10, 11 To overcome these challenges, the International Diabetes Federation (IDF) proposed a 3-step process to access high-risk groups for diabetes care: step 1, identification of high-risk individuals using a self-assessment tool; step 2, performance of diabetes screening test using an invasive tool at a clinic to confirm their prediabetes condition; and step 3, delivery of a diabetes prevention program to appropriate target populations. 12 In response to the IDF's recommendations, many researchers are trying to develop a reliable and valid self-assessment tool to identify high-risk individuals for T2D. 8, 9 This 3-step approach has been successful in European populations (eg, Finnish), but has not been developed for the US population yet. 13 The Finnish Diabetes Risk Score (FINDRISC), including age, body mass index (BMI), gender, exercise, eating habits, high blood pressure history or medication taking history, past hyperglycemic history, and family diabetes history, is a well-known patient assessment tool with appropriate psychometric properties. 13, 14 However, there are some concerns in utilizing this tool with young adults in the United States. First, their target population is relatively homogenous (Finnish), unlike the US population ("melting pot" population). There is a significant difference in the prevalence of T2D among race/ethnicity. 15 Second, the obesity prevalence in Finland is much lower (1 in 5) than in the United States (1 in 3). 16, 17 Thus, FINDRISC may not correctly identify high-risk individuals in the United States. Third, eating habits and food availability are different between the populations, which may affect the psychometric properties of the food items (ie, everyday eating for vegetables, fruit, or berries). Lastly, age as a major risk factor is inapplicable to young adults who are at high risk for early onset T2D.
As an alternative, a patient assessment score algorithm was proposed for the US population using age, sex, family diabetes history, hypertension history, obesity, and physical activity. 8 However, like FINDRISC, the researchers missed the genetic risk based on race/ethnicity and disproportionately weighed age. 8 Consequently, this approach is also inappropriate for identifying American young adults at risk for T2D. A systemic review study revisited our concern. Of 43 articles assessing diabetes risk published in 1993 to 2011, the risk factors frequently addressed in diabetes screening tools were blood pressure history (n = 33), age (n = 30), family history of diabetes (n = 29), BMI (n = 28), past fasting glucose level (n = 19), waist circumference (n = 16), physical activity (n = 6), eating habits (n = 3), and gestational diabetes history (n = 1). 9 In sum, existing approaches place too much emphasis on age, hypertension, and past fasting glucose histories, which most young adults rarely perceive until they have reached very high abnormal values. Lifestyle factors are also rarely considered even though physical inactivity leads to increased insulin resistance, which is a major cause of early onset diabetes as opposed to modulating β-cell function (a cause of late onset T2D). 18 A new selfassessment tool specifically targeted for American young adults needs to be developed. As an initial step, this descriptive study aims to identify risk factors that increase diabetes risk in American young adults.
Purpose and Research Questions
The purpose of the study was to examine the characteristics of American young adults with increased risk for type 2 diabetes. Specifically, the research questions were:
Research Question 1: Is there any significant difference in demographic and clinical characteristics between young adults aged 18 to 29 and those reported in the DPP trial? 5 Research Question 2: Is there a significant difference in T2D risk from factors related to obesity between young adults with and without prediabetes?
Methods

Study Design
A cross-sectional, correlational design was used to collect data that can be used to inform the design of an age-specific diabetes prevention program in the future.
Sample and Setting
Diabetes Prevention Program for Young Adults (DPP-Y study) is a 2-phased project including mixed method formative and pilot intervention studies. In this study, phase 1 project data, a descriptive study, were used. Young adults who were ages 18 to 29, overweight/ obese (BMI ≥ 25 kg/m 2 ), and sedentary (leisure time physical activity < 90 minutes per week during the past month) were recruited from the metro Atlanta area. Individuals diagnosed with diabetes, cardiovascular diseases, serious illness requiring physician-supervised dietary and exercise regimens, conditions affecting erythrocyte turnover (eg, hemolysis, blood loss), or who were pregnant were excluded.
Data Collection Procedures
Between July 2011 and May 2012, participants were recruited using: (1) recruitment flyers posted on campus bulletin boards (8 colleges and universities), (2) e-mail invitations via student mailing list (1 state university), (3) flyers posted at a diabetes clinic and 4 universities' student health centers, and (4) peers and self-referral. A total of 234 potential participants were contacted to participate in the screening test. Of these potential participants, 110 persons were ineligible. There were 17 young adults who dropped out of the study. Thus, data from 107 participants were collected for phase 1 study.
Variables and Measures
Variables and measures included demographics (questionnaire), anthropometric variables (weight, height, BMI, waist circumference), clinical variables (blood pressure, fasting insulin, 8-hour fasting blood glucose, hemoglobin A1C, 8-hour fasting insulin, and serum lipids), and physical activity (modifiable activity questionnaire [MAQ]). 19 Trained research nurses measured the anthropometric variables and blood pressure and administered the MAQs. After the blood draws by a qualified staff, lipids tests were performed by an enzymatic method at the Emory Lipid Research Laboratory on the Beckman AU480. This laboratory has been a participant in the CDC lipid standardization program since 1991. Glucose, insulin, and A1C were determined using Beckman reagent and calibrator on the Beckman AU480 chemistry analyzer. Based on the results of 8-hour plasma fasting glucose and insulin values, beta cell function (%B), insulin sensitivity (%S), and insulin resistance were calculated with HOMA 2 calculator. 20 
Data Analysis
Of 107 participants, 3 participants who had undiagnosed diabetes (A1C ≥ 6.5 or fasting plasma glucose ≥ 126 mg/dL) and 1 participant who did not complete the MAQ were excluded. Thus, a total of 103 young adults remained for the final data analysis: young adults with normoglycemia (n = 73), impaired fasting glucose only (n = 5), an A1C of 5.7% to 6.4% only (n = 24), and both (n = 1).
To address research questions 1 and 2, young adults were divided into 2 groups (prediabetes group vs normoglycemic group). Young adults with impaired fasting glucose (≥100 mg/dL and <126 mg/dL) or a high A1C (5.7%-6.4%) were assigned to the prediabetes group. All other young adults were classified as the normoglycemic group. To obtain anthropometric and clinical data from the DPP sample, several publications were reviewed. 5, 21, 22 To answer research question 1, a series of 1-sample t tests were performed. To answer research question 2, independent-sample t tests, Mann-Whitney U tests, and 2-way chi-square tests were performed. Effect sizes (ie, Cohen's d-a mean difference between groups in standard units; small, .20; medium, .50; large, .80) were examined due to a large power (ie, large sample size of DPP). 23 SPSS 20 .0 version (IBM SPSS Inc) was used for examining test differences.
Results
Sample Characteristics
In the DPP trial, the average age of the participants was 50.6 ± 10.7 years (range, 25.5-85.2) and average BMI was 34.0 (SD = 6.7). 3 The majority of the participants were Caucasian (54.7%), female (67.7%), and middle-aged or older adults 40 or older (89.2% for men, 82.1% for women). 3, 5 In the study (DPP-Y phase 1 study), the average age was 24.0 ± 3.2 years old (range, 18.69-29.92; median = 23.18), and average BMI was 36.6 (SD = 8.1). The majority of DPP-Y participants were female (77.7%) and African Americans (67.0%).
Smoking prevalence was much lower in DPP-Y participants compared to DPP participants. About threequarters of young adults (72.8%, n = 75) reported no smoking history (see Table 1 ).
Comparisons of Participant Characteristics With Prediabetes in DPP Trials and DPP-Y
Overall, young adults with prediabetes in the DPP-Y were heavier (P = .006) and did less physical activity than DPP trial participants (P = .017). However, there was no significant difference between 2 groups with regard to waist circumference (P = .086, Cohen's d = 0.34). Young adults with prediabetes showed significantly lower fasting glucose in the DPP trial (Cohen's d = 1.46), but A1C differences between the 2 groups were relatively small (Cohen's d = 0.37). The reported systolic and diastolic blood pressures in young adults with prediabetes were also lower than the DPP participants (Cohen's d = 0.42). The prevalence of hypertension (blood pressure ≥ 140/90 mmHg) was significantly lower in the young adults with prediabetes. Only 10% of the prediabetes young adults had hypertension (see Table 2 ). Demographic characteristics between DPP and DPP-Y a DPP (n = 3,234) [3] [4] [5] DPP-Y (n = 103) 
Comparisons of Young Adults With and Without Prediabetes
Young adults with prediabetes were 1 year older and had higher BMI and larger waist circumference than those in the young adults without prediabetes. However, there were no statistically significant differences between the 2 groups on those variables. Aside from fasting glucose and A1C test results, there were no significant differences in the clinical variables (ie, blood pressure, lipids) between the 2 groups either. As expected, there were no significant group differences in β-cell function, but lower insulin sensitivity (P = .004) and higher insulin resistance (P = .005) were identified in young adults with prediabetes. These young adults also had a higher prevalence of parental history of T2D (P = .01). Their levels of physical activity were also significantly lower than the normoglycemic group (P = .007) (see Table 3 ).
Discussion
There is strong scientific evidence for preventing diabetes through lifestyle modifications, and young adults are the prioritized age group for implementing a diabetes prevention program, 3, 24 but it is challenging to do so in a real-life setting since the best way to access high-risk American young adults is unknown. This current study may begin to fulfill this current scientific gap. 35 American Diabetes Association recommendations are similar to ACSM but emphasize frequency (no more than 2 consecutive days without activity). 34 *P < .05. **P < .01. ***P < .001.
All young adult participants scored more than 10 (of 27) on a self-assessment diabetes risk test tool used by the National Diabetes Education Program, which supposedly put them at risk for developing T2D and refers them to see a doctor. 25 However, only 30% of the participants have since developed prediabetes, yielding a false positive rate of 70%. Likewise, the prediabetes group scored only 3 of 9, which did not meet the cutoff point of 5 or higher for undiagnosed diabetes or high T2D risk according to a patient assessment score algorithm for Americans proposed by Bang and colleagues. 8 Sensitivity and specificity would be a big issue in using existing patient assessment tools.
A few suggestions can be made based on these findings on how to identify high-risk American young adults.
First, the level of physical activity needs to be carefully assessed in addition to overweight and obese condition and race/ethnicity. To do this, this study suggests using a valid and reliable physical activity measure, which actually measures the amount (or level) of physical activity (eg, METs-hour per week) rather than a single item (physically active vs physically inactive, or exercising more than 30 minutes or not). For example, the modifiable activity questionnaire (MAQ) would be a considerably good measure. During the survey administration, neither participants nor research staff expressed difficulty in completing the MAQ, and actual administration time was less than 5 minutes. Second, family history should be clearly defined to avoid any confusion (ie, blood relative parent T2D history) in the survey 35 American Diabetes Association recommendations are similar to ACSM but emphasize frequency (no more than 2 consecutive days without activity). 34 *P < .05. **P < .01. ***P < .001.
instrument, especially when targeted to a younger population. Due to the young adults' age, their siblings may not have developed T2D yet. Also, family diabetes history may include family T1D history rather than a focus on T2D history. Another possible misinterpretation concern is the definition of family based on the diverse cultures or family dynamics. Some young people may respond to this item based on who actually serves the role of parents (eg, stepparents). Thus, a survey item asking biological parent T2D history rather than family diabetes history would be better for a self-assessment tool. Finally, it is suggested that blood pressure history is used cautiously to predict early onset T2D despite the accumulating evidence of the hypertension as a contributing factor for developing T2D. 7 As this study shows, those 2 health conditions (elevated blood pressure and prediabetes) seem to develop independently in this age group rather than as a comorbidity condition. When a condition reaches at a serious level, a worse health condition is synergistically made, though. 26 Given this, detection of elevated blood pressure in an earlier developmental phase is still beneficial and significant to decrease early onset T2D; however, a different approach to examine blood pressure history needs to be considered. Like diabetes, hypertension has no signs or symptoms until serious complications develop. Young adults rarely participate in an annual check-up, thus elevated blood pressure, like hyperglycemic condition, usually goes unnoticed. Consequently, many young adults reported no hypertension history or hypertension medication history although they actually do have high blood pressure. As this study showed, about 10% of young adults had hypertension (140/90 mmHg) and 20% of them had elevated blood pressure (130/85 mmHg). Only 3 young adults (2.8%), however, actually reported their elevated blood pressure history on the screening phone calls. Since measurement of blood pressure is relatively simple and noninvasive, it is suggested that measuring actual blood pressure instead of a survey item reporting blood pressure history should be the noninvasive diabetes risk screening tool for young adults.
Despite significant findings, several limitations exist. The small sample size provided a limitation to accurately interpret or compare the findings between groups. Also, there was difficulty obtaining the actual averages of lipids in the baseline overall DPP samples for comparison (eg, lipids). Despite many available publications using the DPP trial, the publications described these variables by ethnicity, gender, or intervention arms only. [3] [4] [5] Thus, accurate comparisons of certain variables between DPP and DPP-Y were unable to be achieved in this study. Finally, unlike DPP, the sample used in this study was female and African American dominant, which potentially affected the study findings (eg, A1C values). These differences may stem from recruitment method and site differences (27 centers in the United States vs metro Atlanta area). A larger clinical trial is required to provide more in-depth information to develop a successful diabetes self-assessment tool for American young adults.
Conclusion
Due to a close association between obesity and early onset T2D epidemic, 7 researchers often propose a weight reduction program (ie, a program focused on the BMI) as an approach to prevent T2D. 27, 28 However, mechanisms causing obesity and early onset T2D are different, and careful considerations need to be made. Obesity is caused by chronic imbalance of energy intake and energy expenditure. 29 Individuals therefore need to reduce energy intake and/or increase energy expenditure in order to maintain or reduce their weights. In particular, young adults should be aware of nutritional needs that shift from growth (adolescence) to maintenance (young adults) of a healthy body. 30, 31 On the contrary, the main cause of early onset T2D is related to insulin insensitivity and insulin resistance. 18 When young adults become overweight and obese, their increased adipose tissue can impair appropriate response of insulin-sensitive tissues, especially liver, muscle, and adipose tissues. 27, 32 Physical activity, especially accumulated physical activity, is a way to rapidly increase insulin sensitivity. 27, 32 In the United States, nearly 50% of people with type 2 diabetes have already developed diabetes complications, such as cardiovascular disease, at the time of diagnosis. 7 Early detection and appropriate intervention to reduce diabetes risk and complications are imperative. Multilevel (individual, social, environmental, and policy level) strategies are necessary to raise awareness of diabetes risk and to prevent T2D in young adults. 33 Findings from this study may contribute to the development of noninvasive diabetes screening tool as well as an agespecific diabetes prevention program in young adults.
